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Swallowing dynamics in the food intake and the function of swallowing
and the development of dysphagia diet
Keiko Yoshioka
Abstract
    Food intake starts from the ingestion in the mouth and mastication and swallowing play the important roles in the dynamic 
process. For the aged people with the difficulty in mastication and swallowing and the dysphagia patients with after-effects of 
neurological and muscular diseases, it is necessary to serve a suitable dysphagia diet. These people tend to become malnourished or 
have aspirations, so that it is important for them to intake rich protein food which is modified individually.
    From the viewpoint of the traditional Chinese medicine the function of dysphagia is considered as to the ingestion of food in the 
mouth, the mixture of food and saliva by mastication, the formation of bolus and the transport of bolus. These bio-response signals 
are assessed and a part of the study on the effects of tastes and texture of food on sensory evaluation and swallowing dynamics are 
remarked in general. As the relative studies, ‘Physical properties of pressurized and heat-treated meat gels and their suitability as 
dysphagia diet based on swallowing dynamics’ and ‘Deglutition movement of dysphagia patients while eating pork meat gels and 
the application to the dysphagia diet’ are discussed. The function of dysphagia such as the frequency of swallowing reflection, the 
occurrence of swallowing and the smooth swallowing will be more improved by using Chinese medicine and spices. The development 


























































































































































果を Fig1. に示す。1:0.5PH ゲル [4.98 N/m2] と1:1PH





































































































Fig1.   Textural properties of 1:0.5 and 1:1 PH gels, heated patty and  heated paste 
 PH gel: pressurized and heat-treated meat gel,  : mean ± SD, n=6. Values not sharing a common superscript letter (a, b, c, d) are significantly different (p<0.05) as assessed by Tukey’s multiple range test. 
 
Fig1. Textural properties of 1:0.5 and 1:1 PH gels, heated patty 
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Palmer らの Process Model28-30に準じて口腔内（OC：
Oral Cavity）、中咽頭上部（UOP：Upper Oropharynx）、
















































Fig2. Four divisions of the oral cavity and the pharynx area by 
Palmer’s Process model
OC: Oral cavity area
UOP: Upper oropharynx area (behind the fauces but above 
the inferior border of mandible)
VAL: Valleculae area (below the inferior border of the 
mandible but above the hypopharynx)
HYP: Hypopharynx area
(Saitoh E, Shibata S, Matsuo K, Baba M, Fujii W, Jeffrey B. 
Palmer: Chewing and food Consistency: Effects on Bolus 
Transport and Swallow Initiation. Dysphagia, 22, 100-107, 
2007)
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UOP+VAL 時間および UOP+VAL+HYP が２試料共ほぼ
同様の値であった。しかし、嚥下障害患者においては
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PH gel: pressurized and heat-treated meat gel, OC: oral cavity, UOP: upper oropharynx, VAL: valleculae, 
HYP: hypopharynx. Data are expressed as mean ± SD; n=5. Values not sharing a common superscript letter 
(a, b) are significantly different (p<0.05) as assessed by Tukey’s multiple range test. Student’s t-test was 




  Sample Number of mastications Number of gulps Transit time through oropharynx  (sec) 
Healthy 
subjects 
1:0.5 PH gel 22.00±2.07 a 2.95±0.67 a 18.46±3.08 a 
1:1 PH gel 19.00±2.28 a 2.15±0.10 b 13.33±3.24 a 
Heated patty 31.00±4.86 a 3.88±0.49 a 25.13±6.57 a 
Heated paste 4.40±1.02 b 3.80±1.33 a 5.10±1.09 b 
Dysphagic 
patients 
1:0.5 PH gel 23.60±8.19 a 2.80±0.40 18.19±4.56 a 
1:1 PH gel 14.57±2.54 a 3.06±0.64 12.33±2.32 a 
Heated patty 33.03±10.52 a 3.74±0.62 25.39±5.15 a 
Heated paste 3.94±1.33 b 3.00±0.63 6.60±1.70 b 













1:0.5 PH gel 17.04±3.07 a 0.54±0.46 0.26±0.36 0.15±0.05 0.81±0.77 0.96±0.75 
1:1 PH gel 12.49±3.03 a 0.63±0.48 0.17±0.13 0.15±0.06 0.80±0.61 0.95±0.58 
Heated patty 20.77±7.01 a 2.80±2.23 0.26±0.36 0.17±0.06 3.06±2.21 3.22±2.19 
Heated paste 3.64±1.28 b 0.59±0.62 1.80±2.80 0.49±0.86 2.39±3.41 2.88±3.56 
Dysphagic 
patients 
1:0.5 PH gel 9.41±4.22 5.10±3.11 a 2.25±2.34 0.16±0.04 7.36±4.39 a 7.51±4.41 a 
1:1 PH gel 6.44±3.73 3.50±2.92 a 1.37±1.31 0.15±0.01 4.87±3.64 a 5.02±3.64 a 
Heated patty 9.84±3.68 10.41±5.55 b 3.41±1.61 0.16±0.03 13.82±5.97 b 13.98±5.95 b 
Heated paste 2.45±1.21 1.09±0.51 a 2.29±2.25 0.13±0.03 3.38±2.37 a 3.51±2.40 a 
* * 
2) Bolus transit times in four regions of the oropharynx 
* ** ** ** 
* * * * * 
* * ** ** ** 
** * 
1) Numbers of mastication and swallowing, and transit time through oropharynx in healthy subjects and dysphagic patients  Table 1. Videofluo oscopic swallow studies of 1:0.5 PH gel, 1:1 PH gel, heated patty and eated paste１）Numbers of mastication and swallowing, and the transit time through oropharynx in healthy subjects and dysphagic patients 
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1) Numbers of mastication and swallowing, and transit time through oropharynx in healthy subjects and dysphagic patients  
２）Bolus transit times in four regions of the oropharynx 
PH gel: pressurized and heat-treated meat gel, OC: oral cavity, UOP: upper oropharynx, VAL: valleculae, HYP: hypopharynx. Data are 
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Table.2  Classification of the textural properties to each level of the 
Dysphagia Diet Pyramid 
Fig.3  The textural properties of the pressurized-heated gels and pork paste in the Dysphagia  
Diet Pyramid  
Measuring condition: pressurized-heated gels and pork paste; plunger, 20mmφ; d formation rate, 70%; 
heated minced meat; plunger, 10mmφ; deformation rate, 80%; test speed, 1.0mm/sec. 
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Fig 3. The textural properties of the pressurized-heated gels and pork paste in the Dysphagia Diet Pyramid
Measuring condition: pressurized-heated gels and pork paste; plunger, 20mm φ ; deformation rate, 70 ％ ; heated minced meat; 



















































































Fig.4  The textural properties of the dysphagia diet with beef and chicken 






















































Swallowing dynamics in the food intake and the function of swallowing and the development of dysphagia diet
Fig 3. Relationship between hardness and cohesiveness of foods in the levels of dysphagia diet 1 to 4
Measuring condition: dysphagia diet 3 and dysphagia diet 4; plunger, 20mm φ ; filling stainless steel 
laboratory dish, 40mm φ ; clearance, 5mm; test speed, 5.0mm/sec. Correlation between the values 
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Fig.5  Relationship between hardness and cohesiveness of foods in the levels of 
dysphagia diet 1 to 4 
Measuring condition: dysphagia diet 3 and dysphagia diet 4; plunger, 20mmφ; filling stainless steel 
laboratory dish, 40mmφ; clearance, 5mm; test speed, 5.0mm/sec. Correlation between the values of 
hardness and adhesiveness determined by Pearson’s rank correlation coefficients.  **: significant 
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